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(54) Non-volatile memory device with configurable row redundancy 

associated control circuits. 



(57) This invention relates to a non-volatile memory 
device (20) with configurable row redundancy, compris- 
ing: 



- a non-volatile memory (11) comprising of at least 
one matrix (11') of memory cells and at least one 
matrix (1 1 ") of redundant memory cells, both organ- 
ised into rows and columns; 

- row and column decoding circuits (1 2, 1 3); 

- read and modify circuits for reading and modifying 
data stored in the memory cells; and 

- at least one associative memory matrix (14), also 
organised into rows and columns, able to store the 
addresses of faulty rows, and control circuits for 
controlling the associative memory matrix. 

The memory device (20) of this invention further 
comprises: 

- at least one circuit for recognising and comparing 
selected row addresses (ADr) with faulty row ad- 
dresses (ADrr) contained in the associative memo- 
ry matrix (14), such as to produce de-selection of 
the faulty row and selection of the corresponding 
redundant cell row in the event of a valid recogni- 
tion; and 

• at least one configuration register (17), also com- 
prising a matrix of non-volatile memory cells, and 
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Description 

Field of the Invention 
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E! T ^ Ve Tl re,a,eS 10 3 n ° n - V0,a,ile mem0, y device with configurable row redundancy 

*«*c*. (he .nvenhon retates to a non-vo.a,e memory device with configuS^ redundancy, com- 

- row and column decoding circuits; 

• read and modify circuits for reading and modifying data stored in the memory cells; and 
" f ~nT^^ 

Seltr^ «■ — ctor non-voiatile memory devices which 
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[0008] in memory devices ml SSKSSLT P T 8 ^ ' mp0rtant r0,e in the wnole manufacturing process 

dancy control circuits fault-correct.ng capabilrty and the requested area to perform redun- 

matrix for a given technological integration process d,st "°*'°n and typotogy of the faults appearing in the 

comparative* low at th Z <STZ^uTa TlT to T *"* ,U " M * W the * eld is 

lowing to the process optimising actions 9 ? ' ""P™ 88 the pr ° duC,ion volume incr «^es fol- 

[0015, For example, with a well deve.oped integration technology widety employed for mass production, the yield 
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may attain its highest possible levels 

els r jsEscsr-ss -"• « - -— ^ — — < « 

S 2 t ? 5 ~ mP " SeS baSiCa " y read Circuits (sense am P" flere > a "<* output buffers. 
S h f V ina !, ,y k COmprises a memor V 7 ° f »e UPROM type for row redundancy 

po^ilicon, where T^XZStt^.T", * ^ " ^ 
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term UPROM to indicate memory cells employed for storing redundant addresses, as well as in the instance of flash 
technology. 

[0037J Wfth the conventional architecture 1. the redundant lines can be predecoded by the same row decoding 
signals of the memory matrix sectors 2, thus achieving a compromise between the corrective capability of the redun- 
dancy employed and silicon area occupation. 

f 00 ^ 1 J hesolutionillus,rate d°y Figure 1 refers to flash technology implemented with a single or double metallization 
level technology, with hierarchic column decoding (hierarchic row decoding being non-limitative in application) with 
ESS"? Pr ° Vided in an associative memorv ' or rather in a redundant row sector 6, and with a shared source line 
, . " P artlcular - tne common source terminal of the redundant sector is associated with that of the sector which 
contains faulty cells. This condition is vital to the application because the architecture of a flash memory provides for 
the redundant cells to be erased simultaneously with those of their related sector. 

[0040] The time for accessing a memory word in an architecture based on row redundancy is usually longer than 
that provided by architectures that do not employ such technique, due to the additional time required for redundancy 
handling (including comparing the row addresses, selecting a redundant row, etc.). This time is of about 10ns for 
conventual memory devices and is inclusive of delay in the propagation of signals over interconnecting lines because 
of the less-than-ideal effects relating to their physical implementation. 

[0041] Access time, moreover, is longer in a row redundancy architecture than in a column redundancy architecture 
due to the different organisation of the memory matrix in either cases. 

[0042] In particular, in multimegabit flash memory devices exhibiting high parallelism during a burst read mode the 
memory sectors are designed to include a significantly larger number of columns than of rows. Consequently the'row 

EUST"? time Wi " be l0n9er tha " thS COlUmn time ' mainly because ot the 'creased RC load associated therewith 
[0043] For a given line load, pre-charge time is proportional to the final vottage sought; in case of readinq with a 
higher gate voltage than the supply voltage Vdd (as in the case of multi-level memories or conventional two-level 
memor.es using a so-called gate-boosted reading technique), the penalty is heavier on access time because row pre- 
25 charging takes longer. r 

[0044] In order to minimise the effect on access time, the prior solution under consideration provides with a simul- 
taneously pre-charging of both the selected and the redundant row, even where the former does not require to be 
replaced, at every change of address forced from outside. The evaluation of the redundant event for the selected row 
is earned out during the row pre-charging time, while the local columns are deselected. In this way, uniformity of access 
irne can be achieved forboth devices provided with redundancy and devices which are not provided with redundancy. 
[0045] In summary, this prior architecture does enhances the corrective capability of the whole device for only a 
predetermined number of redundant rows, by virtue of the matrix of memory cells having hierarchic decoding features 
in particular of the redundant rows being organised within a dedicated sector with local column decoding 
[0046] This particular hierarchic decoding architecture provides, therefore, for optimum handling of row redundancy 
maximising corrective capability without penalty on memory wort accessing time. In fact, with this architecture, some 
functional operations can be arranged to overlap in time, thus reducing the access time to the memory words The 
architecture .s, therefore, of special advantage with memory devices wherein the time required for pre-charqinq a 
selected row is longer than the time for sensing the redundancy event of such a row 

[0047] However, the prior solutions are advantageous at the initial stage of the manufacturing process, being justified 
by the need to obtain a high yield, and become gradually less useful, as the yield improves with the manufacturing 
process becoming more favourable over time. 

[0048] The underlying technical problem of this invention is to provide a memory architecture having row redundancy 
control, wrth such structural and functional features as to afford chip-by-chip re-configurabilrry of the architecture cor- 
ral? Capab " rty ' therebv overcoming the drawbacks and limitations of prior art memory architectures 
[0049] Thus, the capability to recover faulty cells can be adjusted to fill actual demands during the fabrication of the 
architecture, achieving the best compromise between the corrective capability of the architecture and its effect on 
access time to the memory words of a cell matrix with which the architecture is associated. 

Summary of the Invention 

™«! I* 16 PrinCiP ' e °' thiS invention is one of configuring each device product at the EWS stage of its fabrication 
[0051] Based on this principle, the technical problem is solved by a configurable row redundancy memory device as 
previously indicated and defined in the characterising part of Claim 1 . 

[0052] The features and advantages of the device according to the invention can be more clearly understood by 
reading the following description of an embodiment thereof, given by way of non-limitative example with reference to 
the accompanying drawings. 
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Brief Description of the Drawings 
[0053] In the drawings: 

• Figure 1 schematically shows a memory device with redundancy, according to the prior art; 

- Figure 2 schematically shows a memory matrix with row redundancy, according to the invention; 

• Figures 3A and 3B show the memory matrix of Figure 2 in greater detail; 

- Figure 4 schematically shows a detail of the memory matrix of figure 2; 

" Son 5 8ChematiCa " y Sh0WS a device incof Porating a memory matrix with row redundancy according to the in- 
Detailed Description 

E^Ih^MK" 0 *" 19 T™ d6alS Wi,h non - volatile flash ">«*>ry ^vices for illustration purposes, it being un- 

S SiZjTTT C0nSiderati0nS 10 * the EPROM or the EEPROM type. 

En JSSZS h 9W '? 9 r WS ' PartiCUlariy t0 Fi9Ure 6 " 9 memof V architecture with hierarchic row and 
column redundancy, according to the invention, is schematically shown generally at 1 0 

Sn, U Sh ° U L d be T* ^ the deSCribed architecture but a non-limitative example of the organisation of a 

nuT Jl ? 9 ! erarCh,C ^ C0 ' Umn redUndancy - ln partteu,ar ' ,he archttecture 10 comprises a preitelned 
number Ns of matnx sectors and a predetermined number Nr of redundant rows eoeterm.neo 

[0057] In particular, the architecture 1 0 is organised into both rows and columns, whereby any sector of such archi- 
tecture shares rows and columns with each sector lying adjacent to it y sector or sucnarchi 
nmnnl JH* archite * u / e 1 0 c ° m Pnses nxm memory sectors, it being nxm=Ns, which are organised as vertical 
?Zo? L f des,gnated V1 • V2 " V ". and horizontal sector groups, designated H1 , H2 . Hm 
S r aC „ Vefti ! a ' T*" 9r ° UP V1 ' V2 Vn iS with at least one row redundancy sector. 

X^EXiT! ? k R2 ' Rn ' ' n PraC,iC8 ' 8 ' arger nUmber ° f ^n- a ncy sectors can be associated 

SiT? Z 9r ° UPl th6reby eXpandin9 the COrreCtive of the ™™<V architecture 10 

V2 Vn JnlZTZTtVT 10 * ^ " ° f memor V cells . Particularly consisting of the vertical VI , 

35 Itl if^T 1' H2 - Hm 9r0UPS °' mern0,y SeCt0rS ' ,he sectors R1 , R2...Rn, global row 12 and 

as column 13 decoders, and an associative matrix 14. 

[0062] In particular, a row address ADr is supplied to the row decoder 1 2 and the associative memory matrix 14 the 
latter being connected to the row and column decoders, 12 and 14 

25 P r II e architecture 1 0 of 'his invention employs, for example, a local column decoding facility for both the matrix 

40 solution IT ? T T °' deC ° ding faCi ' ity being neither essential to ' "or limitai of, the proposed 
solution, but merely a preferred embodiment. For simplicity, the local decoding blocks are omitted from the drawing 
because of no characterising value to the invention purposes. 9 
[0064] In the organisation shown in Figure 2, each sector row is replaced only by a redundant row having the same 
pre-decod.ng signals corresponding to it. .n addftion, to maximise corrective canity for a pro^Z ZblZ 

[0065] For such purpose, the source lines of the redundant cells are connected with each other and elec ricalfv 
connected to a voltage generator through a selector circuit, not shown electncally 

EJSn J!?" I" 8 '" 9 CM ° S ,ech " 0logies ' ,he rows of the ^h cell matrices are formed in low-resistivity polysilicon 
ISESSETT T dln9 ? r *"° ° r threS m6,al leVe ' S| thS p0 ^ S,,icon lines ca " be Parallel connlted to 
s ° to a technique known as wordline metal strapping. y»,«w.oraing 

ITS Jlf tH ! COnductive lavers P rovidin 9 the matrix rows have to be formed within the wordline pitch that 
is, placed at submicron distances from one another. 

T^lJ t T 1e T e ,°J ,he architec,ure makes ^ rows heing in physical contact with each other a statistically likely 
event apt to result in the creation of shorts at one or more spots V 

" ES nf ^ i,h |f c " rrent j nte 9 rati '>n technologies providing a high degree of control of the lithographic patterning the 
spread of aults from the row conductive layers becomes restricted to isolated punctual regions of the matrix Further 
more, faultiness is higher in the polysilicon lines than the metal-polysilicon lines 

[0070] In general, the use of such techniques as the aforementioned metal strapping, in combination with currently 
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available technologies, can bring faultiness to such a low level that redundancy techniques becomes unnecessary. 
[0071 ] Actually, increased levels of faultiness appear at the start of the manufacturing process, and justify the appli- 
cation of a row or column redundancy technique. It is often necessary, in actual practice, to recover a row or a small 
group of adjoining rows due to local faultiness from the technological process. 

[0072] As regards the application of the memory architecture 10 of this invention, two separate cases should be 
considered: 

1) two faulty rows scattered within the same sector occur in Ns sectors; 

2) more than two faulty rows scattered in different sectors occur in Ns sectors. 

[0073] It should be noted that a minimum target of the redundancy technique is the replacement of a fault in a row 
which is equally likely to be spread through all the rows of the matrix 11 ; a general target of maximum coverage is 
instead the correction of a larger number of row faults, located everywhere. 

[0074] The memory architecture 1 0 of this invention practically affords increased corrective capability since in the 

general case, a redundant sector Ri (M, 2 n) can be used to replace just the faulty rows belonging only' to the 

corresponding vertical sector group Vi, as shown in Figures 3A and 3B. 

[0075] In particular, this architecture 1 0 with row redundancy provides two main fault coverages, in a configurable 
style: 

1.1) n/n; 

2.1) 1/n. 

[0076] In practice, for a memory architecture having Ns=64 memory sectors arranged in n=8 vertical groups and 
m=8 honzontal sector groups, the configurable corrective capability of an architecture according to the invention is: 

1.1)8/8 recoverable faults from a single sector of 64 sectors; 

2.1) 1/8 independently recoverable faults from a single sector of 8 sectors. 

[0077] Figure 3 schematically shows, by way of example, an organisation of the memory 1 0, with minimum coverage 
of 8/8 and maximum coverage of 1/8 for a predetermined number (8) of redundancy sectors. 
[0078] Architectures can be likewise implemented with corrective capability in between 8/8 and 1/8 For example it 
is possible to cover faults located in groups of 16 or 32 sectors (corrective capability of 1/4 and 1/2, respectively) ' 
[0079] The choice of the solution to be applied is dependent on the compromise between the corrective capability 
and the silicon area required by the architecture 10, in particular dependent on the UPROM circuitry associated with 
the redundancy. In selecting the corrective capability, its effect on the access time to a memory word is also taken into 
account. 

[0080] The information about the addresses of faulty rows is stored into non-volatile memory cells included in asso- 
ciative memory matrix 14 which receives at its input the row address ADr and has its output connected to the decodinq 
blocks 12 and 13. a 
[0081] In particular, each row of the associative memory matrix 14 contains the addresses of the faulty rows of a 
single sector of a given vertical sector group. Thus, the number of columns varies according to the spare rows available 
for each sector, as schematically shown in Figure 4. 

[0082] Figure 4 shows an associative memory matrix 14, organised, for example, into 8 rows and addressed by 
means of a dedicated row decoder 15. In particular, a cell address AD is split into a vertical group address ADv which 
is sent to the dedicated row decoder 15, and a row address ADr which is sent to logic control circuitry 16. 
[0083] A row address ADrr of the associative memory matrix 1 4 is then compared with the current row address ADr 
by the logic control circuitry 1 6, which outputs a redundancy event signal RE. In particular, if the current row signal ADr 
happens to be the same as the redundant row signal ADrr, a positive redundancy event RE is signalled effective to 
control the replacement of faulty rows in a memory matrix 11 associated with the associative memory matrix 14 
[0084] Of course, with the architectural layout shown in Figure 4, only one row at a time of the associative memory 
matnx 14 can be selected, as is the case with conventional NORed memory architectures. Thus, at each change of 
row in the associative memory matrix 14, the corresponding memory cells in the memory matrix 11 are read and their 
addresses compared once again. 

[0085] It should be noted that, in the instance of 8/8 coverage, bit-fail situations are present only in the same sector 
within the memory matrix 11 . 
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[0086] Accordingly, the positions of faulty rows can be identified during the memory testing and stored into the as- 
sociative memory matrix 14, using the corresponding portion of the memory address. In this case, a single row of the 
associative memory matrix 1 4 is sufficient to store the addresses of the faulty rows, since the latter can only belong to 
the same vertical sector group. 
5 [0087] In particular, this information about the faulty rows can be read cumulatively at the device power-up, or where 
so provided, during the hardware resetting phase, when an impulse of a predetermined minimum duration is usually 
applied to a reset pin. 

[0088] On the other hand, with a 1/8 coverage, bit-fail situations may be present in sectors belonging to different 
groups of vertical sectors. But in each vertical group, only one sector can be corrected at most. Such faulty row infor- 
10 mation is, therefore, read by means of an ATD signal normally provided in circuitry associated with a memory archi- 
tecture. 

[0089] In this case, the corrective capability of the memory architecture of this invention is multiplied by a factor equal 
to the number of vertical sector groups. 

[0090] The situations in the above extreme cases can be summarised as follows: 

15 
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[0091] A non-volatile memory device with configurable row redundancy is schematically shown in Figure 5 and in- 
dicated with 20. 

[0092] The memory device 20 comprises: 

25 - a non-volatile memory 11 consisting of at least one matrix 1V of memory cells and at least one matrix 11" of 
redundant memory cells, both organised in the row and column form; 

row 12 and column 13 decoding circuits; 

30 - read and modify circuits for reading and modifying the data stored in the memory cells (not shown because con- 
ventional); and 

at least one associative memory matrix 14, also organised in the row - 

35 - and column form, wherein the addresses of faulty rows can be stored, and associated control circuits therefor. 

[0093] Advantageously in the invention, the memory device 20 further comprises: 

at least one circuit for recognising and comparing selected row addresses ADr with faulty row addresses ADrr 
40 contained in the associative memory matrix 1 4, which circuit can produce de-selection of a faulty row and selection 

of a corresponding redundant cells row in the event of a valid recognition: and 

at least one configuration register 1 7, also comprising a matrix of non-volatile memory cells, and associated control 
circuits. 

45 

[0094] In particular, the associative memory matrix 1 4 receives the row address signal ADr, and is connected to the 
row decoder 12 and the configuration register 17. 

[0095] Advantageously in the invention, this configuration register 17 is programmed, at the ESW stage, with the 
performance of the associative memory redundancy matrix 14. 
so [0096] The memory device 20 is then completed with a sense amplifier 1 8 arranged to generate a data output signal 
OUT. 

[0097] Information is read from the associative memory matrix 14, during reading or programming operations of a 
memory word from/into a matrix, in two different ways: 

55 - only once during recovery at the reset or power-up stages of the device (8/8 coverage, for example); 

- at each change of access address by means of an ADT signal (1/8, 1/4, 1/2 coverages, for example). 
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[0098] During erase operations of a cell matrix, the information read in the associative memory matrix 14 is made 
only on the matrix address information. 

[0099] It should be noted that the memory device 20 according to the invention has column decoding of the hierarchic 
type, i.e. has a number of main columns which are shared by the memory cell matrix 1 V and the redundant cell matrix 
1 1 D , and has a number of independent local columns for each matrix. 

[0100] In addition, the cell matrices 1V and 1 V share global rows and columns with their adjoining matrices, so that 
the device would include at least one vertical group of non-volatile memory cell matrices and at least one redundant 
cell matrix (as previously described in relation to Figure 2). 

[0101] In particular, the redundant rows are provided in the dedicated associative memory matrix 14 having local 
column decoding facilities, while row decoding may be of the conventional or of the hierarchic type. Furthermore there 
is at least one row redundancy matrix provided for each vertical group of matrices. 

[0102] As previously described, a given cell matrix is selected by an address which has a portion for selecting a 
vertical group of matrices, to which such matrix belongs, and a portion for selecting that matrix among a specific vertical 
group of matrices. 

[0103] Advantageously in the invention, each row of the associative memory matrix 14 is, moreover selected uni- 
vocally by an address of at least one vertical group of cell matrices, according to the corrective capability of the matrix 
[0104] To summarise, the proposed solution has the following advantages, whereby: 

- possibility to configure chip-by-chip the corrective capability of the faulty rows, which can be replaced with identical 
redundant rows; 

- the corrective capability can be set at the ESW stage by programming specially dedicated configuration bits into 
the configuration register 17; 

- the effect of redundancy on the access time to the memory words can be minimised, this time being only dependent 
on the evaluation of the redundancy event as a function of the corrective capability of choice (becoming even zero 
with full coverage). 

[01 05] Furthermore, the fact deserves to be underlined that the memory device 20 of this invention has two different 
modes of operation: 

- activation of the address comparison during the device resetting [power-on reset or hardware reset] operations 
where all the faulty rows are contained in one cell matrix at most of a single vertical group of matrices; 

■ activation of the address comparison during each read operation, where all the rows available for redundancy 
belong to at least two distinct cell matrices in different vertical groups of matrices. 

[01 06] In addition, by providing the configuration register 1 7, these modes of operating the associative memory matrix 
by eh?™ fUnCtl ° nS ° f the lnformational contents of tn| s agister, which contents can be stored independently chip- 
[0107] It is further possible to operate the memory device 20 in the following modes: 

- activating, at each read or program operation of a memory ceil, the comparison of the row address where the 
memory cell locates and the contents of a given row of the associative memory matrix 14; 

- at each erase operation of a memory matrix, activating the comparison between the address of the memory matrix 
and the contents of a given row of the associative memory matrix 14. 

Claims 

1 . A non-volatile memory device (20) with configurable row redundancy, comprising: 

- a non-volatile memory (11), itself comprising at least one matrix (1 1 ') of memory cells and at least one matrix 
(11") of redundant memory cells, both organised into rows and columns; 

- row and column decoding circuits (12,13); 
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- read and modify circuits for reading and modifying data stored in the memory cells; and 

- at least one associative memory matrix (1 4), also organised into rows and columns, able to stor the addresses 
of the faulty rows, and control circuits for controlling the associative memory matrix; 

characterised in that it further comprises: 

- at least one circuit for recognising and comparing selected row addresses (ADr) with faulty row addresses 
(ADrr) contained in the associative memory matrix (1 4), such as to produce de-selection of the faulty row and 
selection of the corresponding redundant cell row in the event of a valid recognition; and 

- at least one configuration register (1 7), also comprising a matrix of non-volatile memory cells, and associated 
control circuits. 

A non-volatile memory device (20) with configurable row redundancy according to Claim 1 , characterised in that 
said configuration register (17) is programmed, at an initial testing stage of the device, with the performance of 
the redundancy associative memory matrix (14). 

A non-volatile memory device (20) with configurable row redundancy according to Claim 1 , characterised by having 
main cell columns shared by the memory cell matrix (1V) and the redundant cell matrix (11"), and having inde- 
pendent local columns for each matrix, so that a hierarchic type of column decoding is implemented. 

A non-volatile memory device (20) with configurable row redundancy according to Claim 3, characterised in that 
said cell matrices (1 1 ',1 1 ") share global rows and columns with adjoining matrices, so that said memory (11) com- 
prises at least one vertical group of cell matrices and at least one redundant cell matrix. 

A non-volatile memory device (20) with configurable row redundancy according to Claim 4, characterised in that 
a given cell matrix is selected by an address comprising a portion which selects a vertical group of matrices con- 
taining said given matrix and a portion which selects said given matrix in a determined vertical group of matrices. 

A non-volatile memory device (20) with configurable row redundancy according to Claim 1 , characterised in that 
each row of the associative memory matrix (1 4) is selected univocally by an address of at least one vertical group 
of cell matrices according to the corrective capability of the matrix. 

A non-volatile memory device (20) with configurable row redundancy according to Claim 1 , characterised in that 
the information is read in the associative memory matrix (14), during the operations of reading or programming a 
memory word in a matrix, in two different ways: 

- only once, upon recovery at the device (20) setting stage; 

- at each change of access address by means of an appropriate drive signal (ATD). 

A non-volatile memory device (20) with configurable row redundancy according to Claim 1 , characterised in that 
it includes circuits for controlling the associative memory matrix (1 4) according to two different modes of operation: 

- activating the address comparison during the device (20) resetting operations, where all the faulty rows belong 
at most to one cell matrix of a single vertical group of matrices; 

- activating the address comparison during each read operation, where all the rows available for redundancy 
belong to at least two distinct cell matrices of different vertical groups of matrices. 

9. A non-volatile memory device (20) with configurable row redundancy according to Claim 8, characterised in that 
said operating modes of the associative memory matrix (14) are functions of the contents of said configuration 
register (17). 

55 

10. A non-volatile memory device (20) with configurable row redundancy according to Claim 9, characterised in that 
the contents of said configuration register (17) can be stored independently on a chip-by-chip basis. 
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11. A non-volatile memory device (20) with configurable row redundancy according to Claim 9 characterised in that 
it .ncludes crams for controiling the associative memory matrix (^for two distinct modes of op^on 

• activating, at each read or program operation of a memory cell, the comparison between the row address to 
wh,ch me memory cell belongs and the contents of a given row of the associative memory mZ ^ 

' SJJS ST? IT ? Perat ' 0n °' 8 ™ m0ry matriX ' the ^P^ 50 " between the address of the memory 
matnx and the contents of a given row of the associative memory matrix (1 4). 
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